Noncommutative parameters and metric tensors for longitudinal spin polarization are presented in detail. Especially we redefine the noncommutative space-time parameter as a fourth rank tensor to include the exchange of isospin indices which gives a factorization of isospin matrix and the basic space-time structures. In the polarization case, a transformation process of mass 4-vectors to maintain Lorentz invariance is given. We show that the Lorentz symmetry breaking due to internal isospin velocity transformation is solely contained in a function which has local minimum as in Higgs
I. INTRODUCTION
Through the realization of the noncommutative nature in string theory [1, 2] , some features arising in applications of the related field theories to physical processes in principle can be dynamically explained as stringy behaviour [3] [4] [5] [6] . Since the expansion parameter, the noncommutative parameter, in perturbative calculations is still a unknown value even though it provides a dynamic explanation to processes, to set up strong and weak bounds of the free parameter has been under investigations [5, [8] [9] [10] . For weak bound, a definite value of the free parameter has been shown up by restricting the noncommutative structure to a longitudinal spin polarization case [11, 12] .
In the polarization case, the noncommutative parameter includes an isospin velocity as a boost parameter and therefore provides another dynamic explanation to the origin of the noncommutativity as a Lorentz transformation of spin polarization. Since the precise determination of the free parameter as in string theory [13] [14] [15] [16] is important to investigate further behaviour of the polarized particle, in this paper we provide some detail structures of the parameters in the polarization case. Basic properties of normalized metric tensor is also given in connection to mass 4-vectors.
II. NONCOMMUTATIVE METRIC TENSORS
The basic idea of the Lorentz invariant noncommutative theory in [11] is in including spin polarization to momentum. A result is to reduce the total number of free parameters in theory so that it is possible to make a quantitative predictions such as definite value of the noncommutative parameter, θ µν , and the weak mixing angle, sin 2 θ W , even in simple case of isoscalar motion. We consider only the longitudinally polarized spin case by following [11, 12] . The third rank tensor momentum and the space-time mass point can be projected to velocity space and space-time point, respectively, with its simplicity in working
while maintaining Lorentz invariance.
Two different cases of isospin velocity, ǫ, transformation, the single valued ǫ =ǫǫ and the isospin matrix ǫ = ǫτ , generate different mass normalizations from the transformation
The additional term in second equation arise in non-commuting process of isospin matrix. We recognize the function f (ǫ) as a source of Lorentz symmetry breaking originated from isospin matrix in the internal boost transformation. Therefore, to maintain same invariance the mass 4-vectors should be differently normalized in each cases: in the first case, m
We consider first the matrix-independent transformation, ǫ =ǫǫ. The normalized metric tensor plays a role to distinguish the antisymmetric and the symmetric parts which come from the corresponding noncommutative field equations in [11] . (6) absorb non-invariance terms in the transformations. The overall normalization factor 1/ √ 2 is omitted in this case of projected momentum [11] . Direction of mass 4-vectors are chosen in spherical polar coordinate system to describe the longitudinally polarized spin
The velocity β can be interchanged by spin variable in the case of longitudinal polarization
with γ = 1/ √ 1 − β 2 . It should be noted that the metric tensor η µν is written in rectangular coordinate in position space whereas the mass 4-vectors are expressed in spherical polar coordinate in spin space. The metric tensors depend on spin polarization and mass with symmetric structure
and follow
It is interesting to take both limits to the mass 4-vectors, for β → 0,
and for β → 1,
Correspondingly the mass dependent metric becomes, in the limit β → 0,
where m 2 0 ≡ m 02 − m · m, and in the limit β → 1,
The second rank momentum, P
with ǫ =βǫ β +θǫ θ +φǫ ϕ , and ǫ p = 1/ √ 1 − ǫ 2 . The 4-velocities are given by [11] 
The transformed momentum is invariant under the matrix-independent ǫ-transformation.
In the case of ǫ = ǫτ =βτ β +θτ θ +φτ ϕ with τ β =
Using the useful relations,
we can find the additional ǫ-dependent term in spin polarization 4-vectors.
The non-invariant effect due to isospin matrix is solely contained in the symmetry breaking function
The ǫ-dependent function behaves as if the mass function in isoscalar wave equation in [12] .
with the signs of function
Local minimum of the function can be found
For given mass 4-vectors m
with, for antisymmetric part,
and, for symmetric part,
Therefore, Lorentz invariance can be maintained by transforming the mass 4-vectors
such as
From the factorization,
we write complete structures of mass terms in antisymmetric part,
and in symmetric part,
We note that two mass 4-vectors are normalized differently. Another property of the mass 4-vectors is that the matrix dependent expressions exactly reproduce the matrix independent expressions in the limit of ǫ → 0,
Since the new feature of dependence on isospin matrix is in local minimum of ǫ-dependent function, f (ǫ) min = − 1 3 , we can investigate the mass states at the internal local minimum, ǫ = ± , and at the external rest state, β = 0, simultaneously.
and both for high energy limit and local minimum,
The complex number may be removed by considering the constraint condition, the positiveness of square root. Hence a brief result is that the isospin matrix contributes to generate asymmetric mass distribution related to spin polarization states. The corresponding metric tensors can be easily obtained. For internal minimum state and external rest state, the antisymmetric part is given by 
In the high energy limit and at the local minimum, the axial components of mass 4-vector dominates , as natural. Since the noncommutative metric tensors are completely specified, the corresponding noncommutative parameters can be easily obtained.
III. NONCOMMUTATIVE PARAMETERS
From the general expressions of projected momentum and space-time in (1), the basic nature of noncommutativity may be written as
It is relatively straightforward to write down the detail structure of the parameters since all basic ingredients are known. For space-time noncommutativity, the second rank tensor is given by [11] 
Since we are working on 4-dimensional Minkowski space-time in which principle of special relativity holds, the isovector space-time x µ s must not alter the basic metric of special relativity. In other words, the isoposition vector has to be independent on x µ . One possible interpretation is that the isoposition is confined in point mass with a relation to spin. In [11] , it was shown that the velocity 4-vector of the β-component of the isopostion 4-vectors becomes the longitudinal spin polarization 4-vector with a starting assumption of the isoposition vector as a wave-related vector of wave-particle duality in low energy scale. In this way the isoposition vector may be taken as a physically measurable identity in connection to wave-particle duality. However no quantitative predictions to the isoposition are given in the confined noncommutative theory. A difficulty arises in connection the isoposition vectors, x µ s , to the isovelocity vectors, u µ s , especially in θ and ϕ components, by differentiation as in ordinary position 4-vector and momentum 4-vector. Until finding a way, we follow the prescription, the wave-related 4-vectors in [11] .
The zeros in θ and ϕ components reflect the case of longitudinal spin polarization in [11] . We would like to use the relation λmc = h and to set m = m 0 as a connection spin polarization and particle momentum. It is worthwhile to remind that we are working at spin coordinate (ŝ,ŝ θ ,ŝ ϕ ) = (β,θ,φ) with the longitudinal polarization,ŝ =β. Using the internal boost, the ǫ = ǫτ -transformation in (19), the normalized noncommutative parameters can be separated to bare parameters.
Since the bare parameters becomes normalized one by the normalized noncommutative metric tensors, we just need to consider only the bare parameters in calculation process. It greatly reduces our efforts. During the investigation of the bare parameters, we realized that the definitions (39) does not separate the isospin matrix to position and momentum vectors and therefore generates messy result. A reason comes from the typical definition does not include isospin effect since it does not need to do so in the pure geometric consideration on space-time structure. In this confined noncommutative structure, the noncommutativity is restricted in point mass with a relation to spin polarization. Since the isospin velocity transformation connects the ordinary space-time and the spin nature, we should include the isospin changes in the definitions as in noncommutative field tensor, F αµβν ± which contains four second rank field tensors,
, and B µν ± as components [11] . Therefore, we would like to redefine the bare parameters by considering the exchange of isospin indices α, β.
In this work, we consider only symmetric case with deleting subscripts for simplicity. In the symmetric case the parameters becomes symmetric 4th rank tensors.
From the extended definitions, we can write the each components by using isospin velocity transformations in (19).
The two new operators,· and× , come from spin operations
Normalized parameters can be found from corresponding normalized metric tensors, for isoscalar case α = β = 0,
We recognize that the noncommutative parameters reduce to zero in the limit, ǫ → 0,
As a specific example, at the interesting point, the external rest β = 0, and internal local minimum ǫ = ± 
for given λ ∼ = (168 GeV ) −1 , which comes from an average value of intermediate vector bosons in electroweak scale by virtue of isoscalar wave equation of a noncommutative field [11] and for given local minimum value of the Lorentz symmetry breaking function f (ǫ) at ǫ = ∓ 1 3 5/3. We note that the three isovector noncommutative parameters have different magnitude compared with isoscalar component.
IV. CONCLUSIONS
For longitudinal spin polarization, complete structures of normalized noncommutative metric tensors and noncommutative parameters which include three isovector components, θ µν E,B,G , are provided with mass 4-vectors which are essential to maintain Lorentz invariance. Especially, it is interesting to note that the Lorentz symmetry breaking function, f (ǫ), exhibits similar behaviour, the local minimum, as in Higgs potential.
